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Original Article
Understanding antibiotic prophylaxis prescribing in pediatric surgical
specialties
Sara M. Malone LCSW1,2 , Natalie S. Seigel3, Jason G. Newland MD2, Jacqueline M. Saito MD, MSCI2 and Virginia
R. McKay PhD1
1Brown School of Social Work, Washington University, St Louis, Missouri, 2School of Medicine, Washington University, St Louis, Missouri and 3University of North
Carolina, Chapel Hill, North Carolina
Abstract
Background: Overuse of antibiotics has caused secondary poor outcomes and has led to a current rate of antibiotic resistant infections that
constitutes a public health crisis. In pediatric surgical specialties, children continue to receive unnecessary antibiotics.
Objective: To understand the factors that contribute to pediatric surgeons’ decisions regarding the use of perioperative antibiotic prophylaxis.
Methods: Focus groups included pediatric proceduralists/surgeons from the following specialties: interventional cardiology, otolaryngology,
orthopedic surgery, cardiothoracic surgery, and general surgery.
Results: A total of 23 surgeons with a median of 9 years of experience (range, 0.5–29 years) participated in the focus groups that lasted 30–90
minutes each. Five themes emerged influencing beliefs about antibiotic prescribing practices: (1) reliance on previous experience and early
education, (2) balancing antibiotic use with risk of infection, (3) uncertainty about the state of the scientific evidence, (4) understanding
importance of communication and team collaboration, and (5) a prevalence of hospital-level concerns.
Conclusions: Surgeons describe a complex set of factors that impact their antibiotic prescribing in pediatric surgical cases. They reported
initial, but not ongoing, training and a use of individual weight of risk and benefit as a major dictator of prescribing practices.
Antimicrobial stewardship programs should work with surgeons to develop acceptable implementation strategies to optimize antibiotic
prescribing.
(Received 5 December 2019; accepted 8 March 2020; electronically published 7 April 2020)
Antibiotics have revolutionized healthcare by treating and pre-
venting life-threatening infections for patients requiring surgical
procedures. However, unintended consequences of antibiotic
use, worsened by unnecessary use, are the development of antibi-
otic resistant bacteria and adverse drug events including
Clostridium difficile infections (CDI), which harm children every
year.1–5 The current rate of antibiotic resistant infections is now
considered a major worldwide public health crisis by the World
Health Organization.6,7
Significant antibiotic overuse occurs among children under-
going surgical procedures. Although the Centers for Disease
Control and Prevention (CDC) surgical site infection (SSI) preven-
tion guideline does not recommend postoperative prophylactic
antibiotics after incision closure for clean or clean-contaminated
surgical cases,8 empirical literature shows prolonged postoperative
antibiotic courses occur in an estimated 40% of surgical
cases.4,9 Even 1 additional dose of surgical prophylaxis in a child
is associated with a 6-fold increased risk for CDI, which may have
serious consequences, including mortality.4
Unnecessary postoperative antibiotic use is an ideal target for
antibiotic stewardship programs (ASP) to address. ASPs implement
coordinated strategies (e.g., prospective audit with feedback) to opti-
mize antibiotic prescribing, which may subsequently reduce the
emergence of antibiotic-resistant bacteria and the occurrence of
adverse drug reactions, including CDI. The Infectious Disease
Society of America’s antimicrobial stewardship guideline recom-
mends implementing interventions to reduce antibiotic therapy to
the shortest effective duration,10 and studies in pediatrics have dem-
onstrated the ability of ASPs to decrease antibiotic use in hospitalized
children.11,12 Furthermore, data support the importance of ASP col-
laborationwith surgical teams to improve prescription of appropriate
antibiotics for the correct duration in clean surgical procedures.13
However, the best approaches to eliminate or reduce unnecessary
prolonged antibiotic courses have not been well established.
Although CDC recommendations incorporate specific contex-
tual factors related to the patient (e.g., severity of illness) and infec-
tion (e.g., type of bacteria), these recommendations do not overtly
consider other important contextual factors in which reduction
strategies are implemented, such as the surgical specialty prescrib-
ing the antibiotic.14–17 Theoretical frameworks of ASP intervention
delivery suggest that these contextual factors create variability
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in prescribing practices.18 Therefore, a critical first step to develop-
ing effective strategies to eliminate unnecessary postoperative anti-
biotic prophylaxis is to understand the contextual factors that
influence surgeons’ prescribing practices.
Implementation frameworks are useful for conceptualizing the
factors that influence the use and integration of evidence in clinical
practice, in this case the appropriate use of antibiotics. The inte-
grated framework for Promoting Action on Research Implement-
ation in Health Services (i-PARIHS) is a conceptual framework
that has been used successfully in clinical settings. In this frame-
work, successful implementation of evidence into practice is a
function of the quality and type of evidence to be implemented,
the characteristics of the context where the evidence will be imple-
mented, and the means by which it is integrated or facilitated into
practice.18,19We used i-PARIHS to explore the factors that contrib-
ute to pediatric surgeons’ decisions regarding surgical prophylaxis
and thereby inform the development of effective strategies for
eliminating excess postoperative antibiotic use in children.
Methods
Sampling, recruitment, and informed consent
We conducted 5 semistructured focus groups with 23 surgeons at a
quaternary-care children’s hospital. Pediatric surgical divisions
and interventional cardiologists within the pediatric cardiology
division were recruited using a purposive sampling approach to re-
present a variety of specialties and surgical procedures where anti-
biotic prophylaxis may be warranted. If a division chief agreed to
participation, a focus group was scheduled and other members of
the division were invited to participate. Consent was obtained from
all participants by a research team member prior to the start of the
focus group. Participants were not provided any incentive
for participation. The Institutional Review Board at Washington
University in St Louis approved the protocols.
Data collection and instrument
Each focus group lasted 30–90 minutes and was facilitated by a
neutral non-physician to allow for honesty and openness in the
conversation. Focus groups were audio recorded and a notetaker
was present for each session. An interview guide was created by
the research team with guidance from members of the hospital
ASP as well as a comprehensive literature review. Open-ended
questions were asked about current prescribing practices, views
about new guidelines surrounding antibiotic prescribing during
surgery, prior education about antibiotic stewardship, and views
about the stewardship program at the hospital.
Analysis
Audio recordings were transcribed verbatim utilizing an online
transcription service. The transcripts were de-identified and
reviewed for accuracy. The first author developed a code book
identifying, defining, and describing codes based on the i-PARIHS
framework with feedback from the entire research team. Four
primary constructs comprise the i-PARIHS framework: the
innovation, recipients, context, and facilitation. Table 1 includes
each of the 4 constructs, a definition of each, and how we opera-
tionalized it in the context of our study.
Two broad approaches to qualitative coding were used. The first
was categorical coding of i-PARIHS constructs designed to group
text on a similar topic together, and the second was thematic
coding, which emerged from the text into meaningful, actionable
issues that could potentially be addressed through ASP strategies.20
The first and second authors coded and analyzed all transcripts
separately. The coders then identified any discrepancies in coding
or code definition interpretation. The coders discussed discrepan-
cies until 100% consensus was reached.
Results
The physicians had a median work experience (post fellowship) of
9 years (range, 0.5–29) and 19 (66%) identified as male. A range of
2–9 surgeons participated in each focus group. The physicians were
from the following pediatric specialties: interventional cardiology,
cardiothoracic surgery, otolaryngology, general surgery, and
orthopedic surgery. Five themes emerged as influencing antibiotic
prescribing practices: (1) reliance on previous experience and early
education, (2) balancing antibiotic use with risk of infection, (3)
uncertainty about the state of the scientific evidence, (4) under-
standing importance of communication and team collaboration,
and (5) hospital-level concerns. Themes and examples of quotes
can be found in Table 2.
Reliance on early education and experience
Foremost, surgeons described their primary knowledge of
prescribing practices as originating from their early education
(quote 1.1). Many reported lack of formal training on prescribing,
but instead learned while in early practice, including fellowship
(quote 1.2). Many senior surgeons reported that they had not
changed their practices since their early training (quote 1.3).
This example quote also demonstrated anxiety around and resis-
tance to changing practices the surgeon had used successfully for
a number of years. Participants also reported that they rarely
received continuing education on the appropriate use of antibi-
otics in the surgical setting and antibiotic resistance as a means
to update their knowledge.
Balancing antibiotic use with risk of infection
Surgeons weighed both the risks and benefits for the patient when
making decisions about antibiotic prescribing. Surgeons recog-
nized risks of overprescribing including development of antibiotic
resistant bacteria, adverse drug reactions, cost, and CDI. However,
surgeons often prioritized the primary risk of underprescribing,
namely, the development of a SSI requiring further extensive medi-
cal intervention (quote 2.1). This concern was more acute among
surgeons in specific subspecialties like orthopedics (quote 2.2).








Innovation Evidence-based practice Guidelines regarding
prescribing practices
Recipients People who both initiate





Context Internal and external, micro and
macro settings within which the
change is happening
Resources and culture
of surgical service and
hospital
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Interestingly, when asked if surgeons were concerned about con-
tributing to the development of multidrug-resistant organisms,
they felt their contribution was minimal and the issue was of
greater concern in other contexts, such as critical care units,
outpatient settings, and nursing homes. Furthermore, surgeons
reported feeling solely responsible for adverse outcomes in their
patients that their stewardship colleagues did not have to address
(quote 2.3).
Table 2. Examples of Quotes Related to Each Coding Theme
Theme Quotes
Education vs experience
1.1 “We all got fine active teaching as medical students, and during our training, but a lot of it is on the fly. Either,
situational or osmotic, learning, or as you’re working as a trainee.”
1.2 “So, fellowship was really the point at which it started, education started happening, really was by watching what
my attending : : : him or her talking to me about what choices they were making and why.”
1.3 “And there is a certain level of, particularly when you have been in the business for as long as I have, some
superstition, which is you don’t necessarily want to stop doing something that you’ve done successfully, quite
successfully, for 30 years, and then find out that it was the wrong decision, basically. So that there is the certain
conservatism you know in part of that, if you want to inflect where the rationale comes from, it actually is not
particularly rational.”
Balancing antibiotic use with risk of
infection
2.1 “So if you look at the costs or the risk benefit ratio of antibiotics versus having a big huge deep infection, you
know people have a hard time wrapping their head around it because you deal with the problem that you have you
know and you don’t really think about the problem for the whole population in terms of creating resistant organism
and things like that.”
2.2 “I think our biggest concern are device infections. Device infections, means you have to explant the system, or
take it out, which put the patient at risk for sudden death. We have had patients who have had device infections
who have ended up in the ICU for months. It’s not for us, it’s not that if you get an infection we can often treat
through it, it’s that if you have an infection, you are at risk for death. It’s a weighted decision, and for that, it’s I
think the major reason why we haven’t gone to no antibiotics post.”
2.3 “The problem we have with something like the antibiotic stewardship program is that those aren’t the people
taking care of the problem and the horrible complication. They shout back and give you recommendations and this
and that and they go home and they don’t deal with the family and the problem and everything else. To them it’s a
number and a recommendation : : : it’s a catastrophic event for the family and for us.”
Uncertainty about evidence 3.1 “I mean what we get from, often from antibiotic recommendations are meta analyses that don’t apply to our
particular surgical problem and that’s a broad paint brush across the whole thing, saying per spine do this, or for this
you do this, and it’s like you’re really missing the boat because they have a tendency to be lumpers, not splitters, : : : but
it’s one thing as you said, to take a little small incision and have that versus a large incision of deeper spine deformity
surgery, it’s an apples to oranges comparison that they lump together because the absence of good high level, level one,
level two, evidence that we can use. So that’s one of the things we battle quite frequently.”
3.2 “I think the combination that we have, lower rates of complications combined with sometimes our procedures are
different, make it different to apply adult guidelines, but I think we’re practicing a little bit in a vacuum because
there are not real set guidelines”
Understanding communication and
collaboration
4.1 “Because they [ASPs] round with us every day. When I was in medical school, we’d have to pull the PDR [full
words], that thick book out, and look things up. Now, we just : : : If you’re too lazy to look it up on your phone, you
: : : What we usually do is turn to [person4] and ask him, “What should I dose? What should I choose? What should I
be doing?” And he knows it off the top of his head, or he can find it. And they’re such a huge resource for anything
that’s drug-related, and a lot of that tends to be antibiotics, as well.”
4.2 “Yeah, I think just knowing that the antibiotic stewardship program is there will tend to effect practice in the same
way; if you know that speed traps are out there, [crosstalk 00:18:48], you may not know they are necessarily on this
side of the road but you know they’re out there, and you might get caught. I think that having the program in
existence has an effect, even if they never talk to you, is what my point is. We know that they’re paying attention to
this. We may have to justify a marginal decision based on our general data and they would get involved because we
just basically do that, right.”
4.3 “[ASPs should give a recommendation] at a time they are able to think about it, not in the middle of a case, or in
the middle of a patient encounter. Where if you get paged, and someone says this antibiotic this patient is on might
not be the best one. It’s really hard to think about until you have the mind space to actually be thinking about it.
That’s why email is great, it gives you a chance to have, at least 30 seconds at the computer to think about the
question that has been posed.”
Hospital-level concerns 5.1 “One of the big problems with [other unit] here is there’s 150 different providers between residents, fellows, NPs,
[physician assisstants], attendings, which rotate through, so : : : it’s like stepping in the middle of the freeway and
getting a consensus, and then stepping back out and then a minute later stepping in the middle of the freeway,
there’s a whole different sample you’re dealing with. There’s no consensus in there at all : : : ”
5.2 “Without ASP, though, there’s no champion for this effort. None of us, in seeing patients on a daily basis or doing
our research, whatever, would take up the cause of getting the surgeons to shorten their duration of prophylactic
antibiotic therapy. So, it actually gives that responsibility to a specific team.”
5.3 “Your hospitals and surgeons and surgical services are judged on things like SSIs, and these things go into things
that hospital administrators care about like US News and World Report, right, and stuff like that, and so yeah, you get it
in your head that, ‘What I need to do is prevent the next SSI.’ Whatever else be damned in terms of what I’m doing.”
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Uncertainty about the scientific evidence
All groups mentioned the lack of pediatric specific data to support
guidelines in their practice (quote 3.1). In addition, participants
commonlymentioned the uniqueness of each patient and therefore
an unwillingness to change their antibiotic practices without first
having evidence of high quality and direct relevance to their spe-
cific subspecialty and/or a specific procedure (quote 3.2). This
comment suggests that even evidence demonstrating no increased
risk of SSI with the elimination of postoperative prophylaxis
among children would still be insufficient for many subspecialists,
who would rely on high-quality evidence within their own respec-
tive surgical area to change their prescribing practice.
Understanding communication and collaboration between
surgeons and ASPs
Surgeons cited communication and collaboration with infectious
disease (ID) specialists and the ASP as a significant influence on
their antibiotic use. Surgeons recognized the value of both ID
specialists and the ASP in their respective roles and expertise
(quote 4.1). However, all indicated that such collaboration was
more challenging in the clinical setting (quote 4.1). Surgeons often
characterized collaboration with ASPs and ID physicians as a
“negotiation” in which each respective party was trying to get as
much of their own preference as possible. Surgeons also likened
ID collaboration to a “speed trap” (quote 4.2) in which the surgeon
tried to evade ASP or ID physicians. The implications in these
descriptions were that communication between specialties was
often contentious and that surgeons were often not interested in
input from these specialists.
Furthermore, surgeons routinely discussed communication
preferences and how the communication route impacted their
receptivity to input from ID and ASP clinicians (quote 4.3).
Although this participant indicated preference for email commu-
nication, which allowed time to consider the issue, other partici-
pants described disliking automated electronic communications.
However, surgeons made several suggestions about how to
improve collaboration: routine educational presentations, consis-
tent data collection and reporting, reliable monitoring of SSIs
within the hospital, and providing antibiograms to aid in selecting
antibiotics for treatment for infections. Finally, surgeons expressed
interest in receiving both more feedback on infections and surgical
outcomes, and updates on current scientific evidence.
Hospital-level concerns
Several structural issues emerged at the departmental and hospital
levels that influenced the use of antibiotics in surgical patients.
First, surgeons reported rarely, if ever, reviewing electronic health
record standardized order sets within their specialties or having
them revised by leaders like department chairs. Among the only
specialty that reported reviewing order sets, the most recent revi-
sions had occurred 5 years prior. Second, surgeons expressed frus-
tration in the variability in antibiotic use based upon the patient’s
location, time of day of prescribing, and medical specialty caring
for the patient (quote 5.1). These quotes suggest that while the sur-
geon felt that they prescribed antibiotics appropriately, other
departments might have a large influence on the antibiotics being
given. To reduce this variability, surgeons expressed interest in
broadening the presence of ASP to provide consistent advice
on antimicrobial use (quote 5.2). Finally, surgeons expressed pres-
sure from hospital administrators to avoid SSIs due to hospital
reporting of metrics (e.g., quote 5.3), which influence national
ranking within their specialties and of the hospital. As such, sur-
geons were further motivated to avoid SSIs through overprescrib-
ing rather than considering the adverse events possible with
antibiotic use.
Discussion
Few studies have examined the beliefs and perceptions among
pediatric surgeons surrounding prescribing practices and other
contextual factors influencing antibiotic use. In alignment with
the i-PARHIS framework, this study identified a complex set of
factors that contribute to surgeon’s antibiotic prescribing behavior.
Furthermore, additional evidence on the safety in eliminating post-
operative antibiotics in clean and clean-contaminated cases spe-
cific to the context of these surgeons is needed. Finally, these
results indicate several strategies that ASPs might leverage to
improve antibiotic prescribing for children undergoing surgical
procedures.
Factors influencing prescribing behavior
Foremost, surgeons referenced their individual evaluation of risk
and benefit with regard to antibiotic use. Although they under-
stood the long-term outcome of antibiotic resistance from unnec-
essary antibiotic use, our results suggest the negative consequences
of an SSI were muchmore concerning and prominent in the minds
of surgeons. The literature suggests that conceptualizing risk and
benefit accurately is challenging for physicians, who often under-
estimate potential harms of their medical treatment.21 Second, sur-
geons did not report formal or ongoing education regarding
antibiotic prescribing. Aside from a few individuals, primarily sur-
geons early in their career, most surgeons commented that they
had not received feedback or further education on current evidence
regarding antibiotic prescribing. This lack of ongoing education
dedicated to appropriate antibiotic use and potential negative con-
sequences contributed to different mental models surrounding the
complexity of prescribing and a lack of practice standardization
among surgeons and departments. Finally, physicians were skep-
tical of the evidence informing the CDC guideline. Although liter-
ature and guidelines are the most common dissemination format
for current evidence regarding appropriate antibiotic use, physi-
cians often are distrustful of the literature and guidelines and their
application to their patient population.22–24
Our findings point to several contextual factors that may also
inadvertently contribute to inappropriate antibiotic use: the
interaction between the surgeons and other specialties; a lack
of consistent prescribing across surgical specialties; and pressure
at the hospital-level to reach certain performance measures.
Surgeons clearly articulate that team dynamics and structured
workflow within the hospital affect the way that antibiotics are
prescribed. For example, surgeons perceived their interaction
with ASPs as neutral at best and adversarial at worst.
Presumably, a poor relationship interferes with the ability of
ASPs to make recommendations about the most appropriate
practices. In another example at the departmental level, standard
order sets or use of a shared advanced practice professional for
multiple surgeons can alter prescribing practices. Yet, order sets
were rarely updated to reflect current evidence. In addition to
these interprofessional challenges, surgeons reported pressure
from hospital leaders to ensure low rates of SSIs. In the current
healthcare environment, hospital administrators face pressure
to demonstrate delivery of high-quality care as reflected by
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measures such as patient satisfaction scores and hospital rankings
in publications such as US News and World Report. To address
this pressure and optimize postoperative outcomes, surgeons
believed that overprescribing antibiotics was a mechanism to
reduce the risk of SSI for the patient and improve hospital per-
formancemeasures but discounted the potential harm of the anti-
biotics (i.e. antibiotic resistant bacteria, CDI).
Potential for ASP implementation
These results suggest several potential opportunities for improving
antibiotic prescribing practices among surgeons. Providing
ongoing educational opportunities for surgeons is an ideal starting
point, due to surgeon reliance on experience from initial surgical
training and limited continuing education. In alignment with the
i-PARHIS framework, we recommend that education should
address both the current evidence and the perceived risks associ-
ated with implementing new CDC guidelines. Further, teams must
focus on surgery or site-specific evidence, such as recent SSI occur-
rences, to help update surgeons on the current evidence and tomit-
igate concerns. Surgeons also reported an interest in receiving
ongoing education both on the current evidence and research as
well as information specific to their hospital.
Although education is often insufficient for achieving behav-
ior change, we also emphasize several additional approaches to
create systemic change.25 First, there is potential to improve
collaboration between the ASP members and surgeons. If sur-
geons perceive the ASP personnel negatively, they may not be
receptive to implementing ASP recommendations. The role of
networks and the relationships that comprise them are impor-
tant for successful implementation of prevention interven-
tions.26 Reviews have suggested that interventions based in
multiprofessional teamwork, with better communication and
common goals, are more effective in healthcare settings.27
Second, ASPs may consider approaching departments to update
surgical order sets. Since order sets are established to standard-
ize practice around a particular routine and surgeons rarely
deviate from order sets, this may support better prescribing
practices while distributing the work burden involved in updat-
ing order sets amongst different teams, which would result in a
wider systemic impact.
Because the strategies previously mentioned are not compre-
hensive, we also encourage ASPs to consider improvement strat-
egies suggested by the surgeons. Existing research suggests that
community-initiated approaches, in this case surgeons, help
generate positive outcomes and support for future efforts.28,29
Furthermore, in this study, surgeons did not report interven-
tions that they felt were inappropriate or that they resisted.
This finding suggests that ASPs may have more latitude than
expected to create practice change and develop strategies to
facilitate change.
The evidence behind the guidelines
A more complicated concern is the evidence base informing
guideline recommendations, and whether they are appropriate
in a specific case. In the context of the current study, the CDC
guidelines recommend elimination of postoperative antibiotic pro-
phylaxis in clean and clean-contaminated cases based on evidence
from adult studies. Because pediatric surgeons question the gener-
alizability of the evidence to children, the CDC guidelines have
diminished impact on practice. In addition, evidence from research
is only one type of information that practitioners use in clinical
decision making. As demonstrated by our study and others, practi-
tioners integrate research, personal experience, local sources of
data (e.g., experiences from peers), and patient preferences.30
Therefore, even if postoperative antibiotic studies were conducted
specific to a population (i.e. children) and/or procedure (i.e. spinal
fusion), surgeons may still perform the inappropriate prescribing
practice. Despite this reality, few studies have assessed how differ-
ent forms of evidence are valued and used by clinicians. Additional
research is needed to better understand the sources of evidence,
evidence quality deemed credible from the perspective of the pro-
vider to prompt practice change, and relative impact on practice of
different types of evidence.
This study has several limitations. It was conducted at a sin-
gle academic medical center with a limited number of providers
from surgical specialties. Thus, the work should be repeated
with other medical facilities before generalizability can be
ensured. However, this work could inform future data collection
efforts as well as provide insight into potential strategies for an
ASP interested in strengthening its relationships with a surgical
program.
In conclusion, our results highlight the complex decision
making in postoperative antibiotic prescribing and highlights
strategies ASPs may use when working to improve antibiotic
prescribing practices. Surgeons weigh multiple factors when
making prescribing decisions including the patient risk of
infections and their previous learning and experience. In addi-
tion, collaboration with ASPs and hospital-level factors impact
surgeon prescribing. Through analysis of this work and feed-
back from surgeons, unique opportunities exist to effectively
and efficiently create a reduction in medical overuse while
providing safe patient care for children undergoing surgical
procedures.
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